To evaluate potential treatment of organic waste (OW) dominant pollutions in the urban wastewater by Thai soils, a primary and a main anaerobic incubation experiments have been carried out. First probation, excess glucose solution (1500 mg/l) without (0) and with (+3750 mg/l of 16-20-0 fertilizer) in a 5 x 2 factorial in CRD, having 5 flooding periods: 0, 1, 3, 5 and 7 days and 2 fertilization: 0 and + replicatied 3 times, in a Tropaquepts (Rb series) at 1:2 of soil:solution ratio, has been carried out. This trial confirmed, LERD's discovery that anaerobic treatment of the OW was very effective reaching the treatment potential at the 5 days period at 2730 ppm from the 3000 ppm load used. Next demonstation, the soil and other 16 ones in 7 of the 9 Thai soil Orders which were Alfisols (4), Inceptisols (3), Mollisols (3), Ultisols (3), Vertisols (2), Spodosols (1), and Oxisols (1) were investigated. Anaerobic incubation at 1:2 soil:solution ratio of the fertilized glucose solution at 5 days period in the CRD experiment of the 17 soils with 3 replications that was highly significant difference (P<0.01). Soil properties had correlated with glucose treatment by Pearson correlation, were related in linear equation which can forecasted potential of wastewater treatment because of many soil properties were encourage anaerobe activities which are nutrients, enzymes and electron accepters.
Introduction
Contamination of untreated urban wastewater into any surface water resources, at the load higher than its carrying capacity are detrimental to all aerobic lifes, since the sludge always composes of such microbial nutritious substances as carbohydrates and proteins (Hammer & Bastain, 1989) , dissolve oxygen (DO) in the contaminated river will be rapidly used up by all aerobic decomposers. Regulations on organic wastewater disposal in developed countries have been, therefore, enforced (Focazio et al., 2008; NDWRCDP, 2005; Taibe & Droste, 2004) . Thailand has also realized this problem and has set her own wastewater disposal standard to be not higher than 20 mgO 2 /l BOD (Pollution Control Department, 2006) . Such efficient wastewater treatment system as Activated Sludge (AS) and Upflow Anaerobic Sludge Blanket (UASB) in food and beverage industries used worldwidely are too expensive to not only in the construction but also the operation and maintenance costs (Chong et al., 2012; Friedler & Pisanty, 2006; Sacho & Garrido, 2009; Wei et al., 2001) . Alternate Flooding and Drying of Soil with Plant System (AFDSP) for community wastewater developed by LERD in Petchaburi Province, Thailand that system can treat wastewater at rural area before drain it to water resources.The main principle of this AFDSP is to utilize the indigenous soil facultative anaerobes to decompose, the wastewater organic carbon (OC) submerged into completely dry paddy soil for 5 days, anaerobically, and aerobically after disposal the treated water and 2 days of sun drying of the system. Cycles of this 7 days cycle each efficiently treated the sludge of about 100 mgO 2 /l BOD to only about 10 mgO 2 /l BOD leachate at the first cycle; with and without plants, tolerated to 5 days flooding tested, gave no significant different efficiency. Performance of this system can last longer than 2 months as evidenced by three theses (Boonanake, 1996; Tangjaikrongbun, 1997; Tantanasarit, 1995) . Though horizontal mechanism of sludge treatment by the plants cultivated were not as clear as that of the vertical one of the soil facultative decomposers, the plants help remove mineralized organic N (ON) and the H 2 PO 4 -P released from the Fe(III)-P reduction as electron acceptor (Tasutsuki & Ponnamperuma, 1987; Truu et al., 2009; Unger et al., 2009) . Ecological benefits of the plants cultivated over the bare soil system were the additional superiority. Another advantage of this inexpensive system is that after the Fe(III) compounds, which are the most abundant electron acceptors, have been used up to be Fe(II) compounds or the treatment potential is reached, this system can be completely reactivated by sun drying, grinding and redrying to assure complete dryness (Lovley, 1991 (Lovley, , 1997 .
Understanding on ammonification and the release of other plant nutrients in paddy soil during flooding period using soil organic matter and crop residue as electron doner and such electron acceptors available in the soil as nitrate, manganese dioxide (MnIV-Mn) and oxide or hydroxide of ferric compounds (FeIII-Fe) by obligate anaerobes in the anaerobic decomposition process have already been realized (Ponnamperuma, 1965 (Ponnamperuma, , 1972 . Prabuddham (1975) reviewed and elucidated association of such micronutrients as Mn, Cu, Zn and Co, such possible pollutant as Cr, Ni and Pb, to the fractions of Fe(III) in paddy soils of Thailand and South Vietnam. Release of these microelements during reduction of the active Fe (FeIII) as well as the active Mn(MnVI) mentioned is, therefore, possible and ecologically important. Decomposers involved, however, have just intensively investigated recently (Lovley & Phillips, 1996) . Minimization of methane gas in the soil, high in Fe(III) has also been reported (Huang et al., 2009; Kjaergaard et al., 2012; Zhang et al., 2010) .
Utilization of this anaerobic process in submerged soil on organic wastewater treatment has been overlooked until the recently report (Tantanasarit, 1995) . In the report modification of the continuous anaerobic condition, which is manipulated by obligate anaerobes in the paddy soil, to be alternate flooding and drying so that much more active facultative aerobes can play the important role. The 10 days cycle of 7 days flooding and 3 days sun drying after disposal, successfully treated the sewage of about 80 mgO 2 /l to about 10 mgO 2 /l BOD since the first cycle throughout this 90 days period of investigation. Such salt tolerant plants as Cyperus corymbosus, Letoschlosa fusca, Typha sp. and Seirpus sp. used in this coastal Hydraquent paddy soil nearby LERD, grew healthily and help remove NH 4 -N mineralized from the sewage and H 2 PO 4 -P released, probably from FePO 4 reduction, after harvesting the plants. Later investigation assured that the 7 days cycle (5 days flooding and 2 days drying) each gave no difference from the former 10 days one and is well accepted in Thailand (Worcester Polytechnic Institute, 2012) . Glucose should be the best electron donor and best stimulator for both aerobic and anaerobic decomposition of the OC. Simulatio of flooding period of complelely aerobic soil in the AFDSP system by anaerobic incubation of the excess glucose solution in a soil for sufficient time till the maximum anaerobic metabolism has been reached should be the treatment potential of the soil for the OC and other high BOD urban sewage. Excess glucose solution load at 3,000 ppm or 3,000 mg/kg soil or 400 me OC/kg soil is calculated from some data of Prabuddham (1975) , that is, M&J-Fe(III) = 0.2839 Fe total and Fe total = 0.35 + 0.06 clay. For the most production paddy soil Typictropaquept (Rb series) (which is always used for urbanization) having 52% clay, should have 0.985% Fe(III) or 176.4 me Fe(III)/kg soil compasing with the 400 meOC/kg mentioned. Sine not only soil electron acceptors, but also other microbial controlling activities available in soil (Alexander, 1961) should affect the soil potential treatment of OC, by this AFDSP, investigation in various soil subgroups for wider applicability, should be, therefore, worth studying。
Materials and Method

Preliminary Experiment
In this study, 10 grams of the soil, 20 ml of 1,500 mg/l glucose solution without and with 3,750 mg/l of 16-20-0 chemical fertilizer in 180ml flat with screw cap PE bottle to assure complete metabolic activities of soil decomposer, 5x2 factorial in completely randomized design (CRD) design of 5 periods of incubation (P): 0, 1, 3, 5 and 7 days and 2 fertilizer levels: without(0) and with fertilizer(+), with 3 replications, in a Rb soil series (Tropaquepts2), has been crried out.
At the sampling time, the excess glucose solution was determined colorimetrically by the phenol-sulfuric acid method (Dubois et al, 1956) , after 20 ml H 2 O adding, 30 minute horizontally shaking, 10 minute 13,000 rpm centrifuging, by spectrophotometer at 420 nm wavelength. The glucose treated was obtained by subtraction technique and statistically analyzed by the method deseribed by Gomez and Gomez (1984) , as shown in Highly significant difference (P<0.01) were observed in all factors studied, that is; (a) pure effect of 5 periods of incubation highly significantly increase the glucose treatments in the order 2,690 a = 2,680 a > 2,245 b > 946 c > 0 d ppm for the 7, 5, 3, 1 and 0 days of incubation respectively; (b) highly significantly difference between without (1937 i) and with chemical fertilizer (1,488 j) and (c) highly significantly difference in P x F interaction where at the 1 and 3 days treatments very strong negative effect of fertilization were observed.
Increase anaerobic treatment of the glucose added toward the incubation periods confirmed worldwide reports (Fuchs et al., 2003; Alkarimiah et al., 2011 )。 Inferior of the added chemical fertilizer, observed during the first 3 days, especially after 1 day incubation might be induced by the arisen osmotic pressure minimized osmosis of water into the microbial cell and inhibited temporarily the soil facultative aerobe activities, however, the negative effect was rapidly recovered reaching the treatment potential since 5 days of incubation.
Nevertheless, some soils in the main experiment have been lower nutrient level than this soil. Therefore, 5 days anaerobic incubation with chemical fertilizer added be plausible for the potential treatment of glucose by the soil.
Main Experiment
Materials and Methods
The Tropaquepts used and other 16 soil Greatgroups described and mapped by Land Development Department (LDD) of Thailand, representing possible urbanization now and in the future were selected. Edaphic physical and chemical properties of surface soils, and the methods used are shown in Table 2 . Bray II -P (ppm) Bray and Kurtz (1945) Amorphous Mn(IV) (A&K-Mn) Asami and Kumada (1959) Crystalline & Amorphous Fe(III) (M&J Fe) Mehra and Jackson(1960) Amorphous Fe(III) (Mc&D-Fe) Mckeague and Day (1966) Similar incubation technique in the first experiment was also used but, all of the 17 soils were incubated only for 5 days, the potential treatment periods proved and using only the ferlilized glucose solution to assure sufficient www.ccsenet.org/mas Modern Applied Science Vol. 7, No. 5; nitrogen and phosphorus for other soil of lower fertility status owing to complete recovery at the period verified. This CRD main experiment of 17 soils in 3 replications was carried out. The total Fe(II) produced (FeII) from the soil Fe(III) reduction in the anaerobic soil residue in the 17 soils, extracted by 1N HCl (Amari & Mengel, 2006; Bodegom et al., 2003; Christensen et al., 2000) . The glucose treated which is the potential treatment of each soil of the 17 ones were the most important subject were determined by Atommic Absorption Spectrophotometer. AAS matter needed by the same method used earlier. Analysis of variant of the potential glucose treatment by method described by Gomez and Gomez (1984) was also performed. Simple linear relationship of the soil factors (X i ) and the glucose treated (Y) by Pearson 1 tailed correlation and linear multiple regression with Stepwise and Enter method of the selected significant soil factors (Hoyle, 1995; Tabachnick & Fidell, 2007) .
Results and Discussions
Properties of the Surface Soils
Tables 3 and 4 present the selected properties of the 17 surface soils and summarized statistics of them respectively. The selected soil samples introduced in Table 3 , should be universally accepted because 7 soil Orders out of the 9 and 12 Thai and world ones that is, Alfisols (4), Inceptisols (3), Mollisols (3), Ultisols (3), Vertisols (2), Spodosols (1) and Oxisols (1) have been used. Not only the upland soils (11) but also the aquic moisture regime lowland paddy soils (6) have been selected. Nevertheless, the clay content, the most important ecological impact was arranged orderly. Wide variation (>50% CV) distinguished, in the sand, soil CEC, basic cations and the possible electron acceptors have been expected because of the different soil Orders. Moderate variation (>20-<50% CV) might be due to our small humid tropical country. Moderately narrow variation (<20% CV) in the pH and EC might came from our clayey soil buffering capacity for the pH and saline soils of the Northeast regions and that of the coastal areas have been omitted respectively. Since most of the soils studied had 51 ± 23% clay, this inorganic, soil fertility should have high retention of ions, owing to their negative charges (CEC) and their capillary force. The humus organic colloid, though having higher CEC, might play less important role on soil fertility status because of its much less abundant (Stevenson, 1982) . As shown in Table 5 , positive linear relationship influenced by the soil clay (%) and CEC at significant levels and higher were observed in all macronutrient parameters and the electron acceptors. The positive linear relationship affected by the soil O.M. at the highly significant for the Exc. Mg ++ and significant for the Mc&D-Fe were also observed. The rest had also positive trends of their relatively high r values were also distinguished. These positively linear relationship indicated that these colloids positively controlled the soil fertility not only for the producers but also the soil decomposers. ; MS error 52,911.7; CV = 7.2%. Pearson correlation (1-tailed) study of this anaerobic decomposition of glucose treated or dependent variable y.
Glucose Treatment Potential of the 17 Soils
Highly significant difference (P<0.01) in the glucose treated at 5 days anaerobic incubation which should be the potential treatment of the organic sewage and in the Fe (II) compounds produced from the reduction of the Fe(III) in the soil prior to flooding, which were arranged in the order of the treatment potential presented in Table 6 , were clearly observed. The order of The orders of the glucose treated were; Haplustoll (2,573 a) = Calciustolls It can also be simplified from this table that the glucose treated range was 933-2,5733 ppm but most of them distributed within the range of 1,974 ± 596 ppm with the CV of 25.6% which was less variation than that of almost all of that of the soi properties, ( Table 4 ), excepted that of the pH and EC. The Fe(II) produced range was 201-7,290 ppm which most of them distributed within the range of 3,175 ± 2,710 ppm with much higher CV(%) at 85.3%. Table 6 clearly presented that Thai soils and and probably elsewhere in humid tropical countries, can treat urban wastewater using Fe(III) compounds as electron accepters during flooding, in the AFDSP system up to the maximum of 2,573 ppm glucose. Since glucose has 40% OC which has 3 equivalent weight, the maximum glucose treated should be 343.1 me/kg, which will equivalent to = 343.1 meO 2 /kg from the BOD 5,20 or 2,745 mgO 2 /kg. Since be the approximate recovery of the sewage load is about 90% (Tantanasarit, 1995) . Possible BOD load of the sewage that can be treated by this AFDSP should be not less than 3,049 mgO 2 /kg of the soil.
www.ccsenet.org/mas Modern Applied Science Vol. 7, No. 5; 2013 7 The actual BOD load should be higher than this because, aerobic decomposition of the sewage during 2 days drying periods in each cycle of the AFDSP system, is ignored.
Pearson correlation (1-taild) study of this anaerobi decomposition of glucose treated or dependent variable y and the Fe(II) produced, was highly significantly correlated (R 2 =0.358, n=17) and the y could be predicted by the Equation 1 y(ppm) = 1, 619 + 0.1 Fe(II) produced (ppm) ( 1) High intercept of Equation 1, 1,619 ppm or 9 mmol of glucose treatedin each kilogram of soil without Fe(II) production, clearly indicated that the glucose had been treated by Thai soils prior to Fe(III) reduction. Activities on fermentation process in this glucose-soil system by indigenous yeat might play important role prior to the Fe(III) compounds reduction.
When forecasted glucose treated (y) with selected soil properties giving highly significant and significant influence from the Pearson correlation 1-tailed study such as; %Clay, %Sand, %O.M., CEC, Exc.Ca, Exc.Mg and A&K-Mn (Table 7) Validity of this 3 equations developed was also evaluated by the proposed acceptable criteria: A, B + , B and F grades for the 0-5, 5.1-10, 10.1-20 and over 20.1 error percentages respectively illustrated in Table 8 Applicable suitability of equations developed should not be evaluated simply by its highest R 2 value, but other 3 parameters; economy, simplicity and rapidity of the whole process should also be considered. Equation 3 might be recommended by developed humid tropical countries, but Equation 2 should be recommended for all developing ones because of its better economic, simplicity and rapidity advantages over that of the Equation 3. Though Equation 1 confirmed importance of the active Fe(III) compounds,but it is unnessary sine direct determination of the OC treatment potential of the soil could be obtained by this anaerobic incubation technique.
Conclusion
These summarized results were; (a) The glucose treated range was 933-2573 ppm; (b) The glucose treated highly correlated with the Fe(II) produced; (c) Simple relationship studies between the glucose treat (y) highly significant correlation with such soil properties as clay(x 1 ), CEC (x 2 ) Exc.Ca(x 3 ) and significantly correlated with such ones as Exc.Mg(x 4 ), OM(x 5 ) and A&K-Mn(x 6 ); (d) Multiple relationship studied by Stepwise regression analysis showed that only the clay content played the important role, but by the Enter method improved the R square 0.433 to 0.653.
